to reduce tumour formation induced by chemical carcinogens in several animal models [9] [10] [11] . Another GLS mainly present in broccoli, glucobrassicin, is degraded to indole-3-carbinol and then converted to several polyaromatic indole metabolites under acidic conditions in the stomach. Both indole-3-carbinol and its derivatives are known to have anticarcinogenic properties by induction of phase I cytochrome P-450-dependent or phase II detoxification enzymes [12] [13] [14] . Within the Brassica genus, Brassica oleracea includes a number of varieties which, due to their importance as edible crops, have been studied for their content of GLSs. These include B. oleracea var gemmifera (Brussels sprouts), var capitata (cabbage), var acephala (kale), and particularly B. oleracea var italica (broccoli) [15] [16] [17] [18] . This study deals with a poorly studied variety of Brassica oleracea traditionally cultivated in Southern Italy (Puglia region) and locally called "mugnolo". It is a biennial species that can reach up to 120-150 cm in height, with the vegetative portion having a diameter of 80-100 cm; the leaves are persistent, up to 40-50 cm long and 15-20 cm wide. The edible parts of the plant are the inflorescences. Although "mugnolo" is well-known in the Salento area in the south of Puglia, it is almost unknown in the rest of the region and in Italy as a whole [19] . In the Salento, "mugnolo" is cultivated for domestic use on small plots (from 0.01 to a maximum of 0.05 ha). Given their biological importance, this study focused on the qualitative and quantitative determination of GLS in "mugnolo" inflorescences and leaves. Vegetables of the Brassicaceae family are rarely eaten raw. As reported in numerous studies [20] [21] [22] , the GLS content in vegetables after cooking depends on the method of cooking and the degree of raw material disintegration. Moreover, it is known that GLSs and their hydrolysis products are hydrosoluble. Therefore, some of them may be lost in water during cooking [23] . This study also analyzed the metabolic profile of cooked "mugnolo" inflorescences. While it is established that "mugnolo" is a B. oleracea variety, its exact taxonomic position remains a matter of dispute. By analyzing the metabolic profile of the GLSs contained in "mugnolo" this study seeks to provide chemotaxonomic data useful for further taxonomic and genetic investigations.
Materials and Methods
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Chemicals
Methanol and water (HPLC grade) were purchased from J. T. Baker. Sinigrin (2-propenyl glucosinolate), partially purified Helix pomatia Type-1 sulfatase, phosphomolybdic acid hydrate, anion exchange resin Sephadex DEAE A-25, and sodium acetate were obtained from Sigma-Aldrich. Aluminium TLC silica gel 60 F 254 was purchased from Merck KGaA. Glucoraphanin (4-methylsulfinylbutylglucosinolate), glucoiberin (3-methylsulfinilpropylglucosinolate), gluconapin (3-butenylglucosinolate), progoitrin ([2R]-2-hydroxy-3-butenylglucosinolate), glucoerucin (4-methylthiobutylglucosinolate), and desulphosinigrin were supplied by C 2 Bioengineering Aps. All the GLSs were in the range of approximately 90-100 % pure. Poly-Prep ® chromatography columns were obtained from Bio-Rad Laboratories.
Plant material
The "mugnolo" used for the analyses was provided from the Orto Botanico of the Dipartimento di Scienze e Tecnologie Biologiche ed Ambientali, University of Salento. A voucher specimen of "mugnolo" (No. BO 1) is kept in the phytochemistry laboratory of the Dipartimento Farmaco-Chimico, University of Bari. Inflorescences and leaves were harvested and immediately transported to the laboratory for extraction. GLSs were analyzed in both raw and cooked samples.
Sample preparation
In order to study the GLS profile in different "mugnolo" organs, the green inflorescences were separated from the leaves. 27 g of inflorescences and 15 g of leaves were processed immediately; 31 g of inflorescences and 14 g of leaves were cooked in 100 mL of boiling water for 10 min; the cooking water was then removed and the plant material left at room temperature for about 15 min, before extraction of GLSs.
Extraction of GLS
GLS extraction was carried out in accordance with the ISO protocol (ISO Method 9167-1, 1992; [24] ) with minor modifications. Inflorescences and leaves were extracted for 4 minutes with a volume of boiling 70 % aq MeOH equal to threefold the weight of the sample. 200 µL of gluconapin 5.48 mM (used as internal standard) was added to leaves and 400 µL to inflorescences. After 4 min of boiling, the extract was transferred to another test tube and the residue was re-extracted with boiling 70% aq MeOH (15 mL for leaves and 40 mL for the inflorescences). The two extracts were combined and filtered to give a final volume of 32 mL for leaves and 100 mL for inflorescences.
Purification and desulphatation of GLS
Purification of the extracts was carried out by column chromatography. The column (0.8 × 4 cm) was packed with an anion-exchange resin (DEAE-Sephadex A-25) solubilized in sodium acetate buffer (0.256 g of resin in 4 mL of sodium acetate buffer 0.5 M pH 5). The column was washed with 1 mL of water and 2.5 mL of extracts were then loaded. The extracts were purified from other coextracted products (chlorophyll, glucose) by washing with 70% aq MeOH (2 × 2 mL), water (2 × 2 mL), and sodium acetate buffer 0.02 M pH 5 (0.5 mL). The column was then capped and treated overnight with 1 mL of partially purified Helix pomatia Type-1 sulfatase solution (0.025 g of enzyme in 6 mL of water), in order to convert the GLSs into their desulphated derivatives. After overnight incubation, the desulphated GLSs (DGLSs) were then eluted from the column with water (2 × 2 mL) and stored for further analyses. The reference compounds were also desulphated as the extracted GLSs.
TLC analyses
A quick qualitative assessment of the GLSs present in the extracts was performed by TLC. All extracts from leaves and inflorescences of the "mugnolo" and all purification steps were checked by TLC eluted with 2-propanol, ethyl acetate, and water (7 : 1 : 2, v/v). The developed TLC plates were observed under a UV lamp at 254 and 366 nm and then revealed with phosphomolybdic acid hydrate (10 %, w/v, in ethanol).
HPLC analyses
Desulphated GLSs (DGLSs) were separated using a gradient HPLC method with a Waters HPLC System (Waters Associates) consisting of a 600 multisolvent delivery system, a Rheodyne injection system with a loop of 20 µL, and a Photodiode Array Detector (Waters 2998) set to a wavelength of 229 nm. The results were analyzed using the Enpower2 program. A 250 × 4 mm Supelcosil LC-ABZ (C18) reversed-phase column (5 µm; Supelco) was used for the separation. The mobile phase was a mixture of water (A) and methanol (B). The flow rate was 1 mL/min; the total running time was 57 min with gradient as follows: 1.5 % B to 60% B in 48 min and 100 % B in 9 min. Individual GLSs were identified by comparing retention times with those of available GLSs standards. The GLS content of each sample was quantified by the internal standard method using gluconapin. For quantification of individual GLSs, the response factors cited in the ISO protocol (ISO Method 9167-1, 1992; [24] ) were used. GLS concentrations were expressed in micromoles per gram of fresh weight. All samples were measured as four replicates. For each value, the standard deviation was calculated.
Validation of the HPLC method
In order to test the applicability of the method to quantify GLSs, calibration curves of desulphogluconapin, desulphoglucoerucin, desulphogluconasturtin, desulphoglucobrassicin, and desulphosinigrin were prepared. Linearity was evaluated by preparing seven standard solutions of each GLS in the 0.625-20 µg/mL range. Four 20 µL injections of the standard solutions were made to check the reproducibility of the detector response at each concentration. The peak area for each reference GLS was plotted against concentration to obtain the calibration curve. The sevenpoint calibration curves for DGLSs showed a linear correlation coefficient (r 2 ) between concentration and peak area. Calibration data ( Table 1S , Supporting Information) indicated the linearity (r 2 > 0.9998) of the detector response for all standard compounds. The inter-and intraday precisions of the method were evaluated by performing the analyses on three different days with standard solutions at different concentration levels and three times on the same day, respectively (Table 2S, Supporting Information). The limit of detection (S/N ratio of 3) and of quantification (S/N ratio of 10) for DGLSs desulphosinigrin, desulphoglucoerucin, desulphogluconapin, desulphogluconasturtin, and desulphoglucobrassicin were calculated (Table 1S , Supporting Information).
Statistical analyses
Assessment and validation of quantification limits, reproducibility, and the calculation of averages and standard deviations were performed using Microsoft Excel (2007 version).
ESI-MS analyses
Analyses were performed on a 1100 series Agilent LC/MSD trap system VL. An Agilent Chemstation was used for data acquisition and processing (LC/MSD TrapSoftware 4.1). All of the analyses were carried out using an ESI ion source in the positive ion mode with the following settings: capillary voltage, 4000 V; nebulizer gas (N 2 ), 15 PSI; drying gas (N 2 ) heated at 350°C and introduced at a flow rate of 5 L/min. Full scan spectra were acquired over a mass range of 100-2200 m/z with a scan time of 13 000 m/z/s. Automated MS/MS was performed by isolating the base peaks (molecular ions) with the threshold set at 100 and the ion change control on, with the maximum acquisition time set at 300 ms. Samples were dissolved in MeOH/H 2 O (1 : 1) at a concentration of 50-100 ppm and injected by direct infusion at a flow rate of 10 µL/min with a syringe pump (KDScientific).
Supporting information
Data on calibration and on inter-and intraday precision are available as Supporting Information.
Results and Discussion
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Preliminary TLC was carried out to check for the presence of GLSs in the inflorescences and leaves extracts from "mugnolo". Purified and desulphated GLSs (DGLSs) were also routinely subjected to preliminary TLC investigation. Total GLS and individual GLS content in "mugnolo" inflorescences were evaluated by HPLC-DAD. l " Fig. 1 shows an example of chromatogram of desulphoglucosinolates separation by HPLC and demonstrates the good baseline separation that can be obtained with each DGLS resolved. UV maxima were observed in the range of 222-227 nm for aliphatic GLSs, 220-221 for aromatic GLSs, and 219-223 for indole GLSs. See l " Table 1 for maxima of UV absorption. Comparison with the HPLC retention times and maximum UV absorption of reference compounds allowed to identify the following GLSs in "mugnolo" inflorescences: glucoraphanin, glucoerucin, glucoiberin, sinigrin, gluconasturtin, and glucobrassicin. ESI-MS analyses were carried out to corroborate HPLC data. In addition they enabled to identify neoglucobrassicin, 4-methoxyglucobrassicin, 4-hydroxyglucobrassicin, and glucobarberin. Studying the MS spectra, it was possible to confirm the presence of the GLSs previously identified by HPLC and to identify other GLSs. The ESI-MS spectra of the purified extract of inflorescences are characterized by several peaks of which the majority may be ascribed to DGLSs. The MS/MS spectra of these compounds show typical fragmentations characterized by a peak due to the loss of the RCNOH group (in which R is the side chain distinction for each GLS) from the sodium adduct, and one due to the loss of glucose (see l " Table 1 ). The MS/MS of the peak observed at 391 m/z shows a distinct fragmentation. In contrast to aliphatic DGLSs, the first peak is generated by the loss of a group with a molecular weight of 162, which could be ascribed to glucose. The loss of the RCNOH group then generates a peak at 219 m/z, while the last Fig. 1 Typical HPLC chromatogram for glucosinolates in raw "mugnolo" inflorescences. 1 glucoiberin; 2 sinigrin; 3 glucoraphanin; IS internal standard (gluconapin); 4 4-hydroxyglucobrassicin; 5 glucoerucin; 6 glucobrassicin; 7 4-methoxyglucobrassicin; 8 neoglucobrassicin; 9 gluconasturtin; 10 glucobarberin.
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peak is generated by the loss of RCNOH -H 2 S. R has a molecular weight of 130, typical of indole GLS 3-indolylmethylglucosinolate (glucobrassicin). A similar fragmentation pattern was shown for the other indole GLSs present in "mugnolo" inflorescences including 4-hydroxyglucobrassicin, 4-methoxyglucobrassicin, and neoglucobrassicin. From MS/MS analyses of sodium adduct at 382 m/z (consistent with a molecular ion of 359), it was possible to observe a first peak generated by the loss of glucose; a second one, at 218 m/z, is due to the loss of the RCNOH group in which R has a molecular weight of 121, corresponding to 2-hydroxy-2-phenylethylglucosinolate (glucobarberin). A third peak at 184 m/z is generated by the loss of H 2 S from the previous peak. Based on these data the compound with 382 m/z was established to be the aromatic GLS glucobarberin, identified only by MS analyses. Results obtained by HPLC and ESI-MS/MS demonstrate that "mugnolo" inflorescences are characterized by aliphatic GLSs (glucoraphanin, glucoiberin, glucoerucin, and sinigrin), aromatic GLSs (gluconasturtin and glucobarberin), and indole GLSs (glucobrassicin, neoglucobrassicin, 4-methoxyglucobrassicin, and 4-hydroxyglucobrassicin). l " Table 2 shows the GLSs identified in "mugnolo" inflorescences and their quantities: indole GLSs (7.68 µmol/g) are predominant, followed by aliphatic (2.63 µmol/ g) and aromatic (0.83 µmol/g) GLSs. Four GLSs together, glucobrassicin (3.51 µmol/g), neoglucobrassicin (3.13 µmol/g), glucoraphanin (1.79 µmol/g), and 4-hydroxyglucobrassicin (0.97 µmol/g) account for 70% of the total GLS content. Although usually only "mugnolo" inflorescences are consumed as food, this study also analyzed the leaves. As shown in l " Table 2 , the GLS profile of the leaves is similar to that of the inflorescences with indole GLSs (0.28 µmol/g) present in greater amounts than aliphatic GLSs (0.21 µmol/g), as in the inflorescences. Moreover, it appears that leaves contain less GLSs than inflorescences (0.59 µmol/g and 11.14 µmol/g, respectively). Glucoraphanin and 4-hydroxyglucobrassicin together accounted for 50 % of the total GLS content (l " Table 2 ). Our data are in agreement with those reported in the literature for another Brassicaceae, Arabidopsis thaliana, whose inflorescences have a greater amount of GLSs than cauline leaves and rosette leaves [25] . Most of the literature on the GLS content of plants of the Brassicaceae family only concerns fresh plants; however, this may have limited relevance, considering that these vegetables are often consumed after cooking. "Mugnolo", like other plants of this family, is rarely eaten raw. As reported in previous studies on broccoli [26, 27] , the GLSs content depends on the cooking method and the degree of raw material disintegration. In consideration of the biological activity of GLSs and their hydrolysis products, this study also looked at the influence of cooking on the GLS content of "mugnolo". Our data show (l " Table 3 ) that in the cooked as in the fresh inflorescences of "mugnolo", indole GLSs are predominant (2.96 µmol/g), followed by aliphatic (2.12 µmol/g) and aromatic GLSs (0.59 µmol/g). However, the cooked inflorescences differ from the raw ones in terms of total GLS content. The cooking process reduces GLS levels in "mugnolo" by about 50 %, in agreement with that reported in the literature for broccoli, which shows a reductions of 18-59% [27] , depending on the method (e.g. con- ventional, microwave, high pressure), cooking intensity (e.g. temperature, time), and on the type of compounds. In our study, indole GLSs were those most affected by the cooking process with a fall in concentration of 61.5%, in agreement with the literature data for Brassica oleracea [5, 26] . Among them, neoglucobrassicin showed the greatest loss (l " Table 3) , its concentration falling 82.7 %. The study of the metabolic profile of "mugnolo" in terms of its GLS content yields information that may be also relevant to the plantʼs taxonomic classification. "Mugnolo" was classified initially as B. oleracea var botrytis [28] . Available chemical data for this variety [16, [29] [30] [31] ] indicates significant differences with respect to "mugnolo". In fact, the predominant GLS found in the inflorescences of B. oleracea var botrytis is sinigrin, while in "mugnolo" inflorescences this is produced only in small amounts (0.04 µmol/g). The metabolic profiles of "mugnolo" inflorescences appear to be similar to those of B. oleracea var italica (broccoli) [32] [33] [34] . According to the literature [35, 36] , glucoraphanin is the predominant GLS in broccoli while sinigrin is produced only in small amounts or is completely absent. In our study it was found that in the inflorescences of "mugnolo", glucoraphanin represents 16.1 % of total GLSs, while sinigrin is synthesized only in small amounts (0.04 µmol/g, l " Table 2 ). The predominant aliphatic GLSs in "mugnolo" inflorescences are glucoraphanin and glucoiberin, accounting for 68.1 % and 29.3 % of total aliphatic GLS content respectively, while the predominant indole GLSs are glucobrassicin and neoglucobrassicin accounting for 45.7 % and 40.8 % of the total indole GLS, respectively. The GLS profile of "mugnolo" inflorescences in the present study is consistent with previous reports about broccoli [32] , although the GLSs amount found in our study is lower than the amounts reported by Jia [32] and Van Eylen [33] . This may be due to differences in geographical area, agricultural conditions, soil characteristics, and the cultivars employed.
In conclusion, the preliminary phytochemical characterization herein reported indicates that "mugnolo" presents a greater similarity to Brassica oleracea var italica (broccoli) than to the botrytis variety. Further genetic studies are needed in order to clearly specify the correct taxonomical classification of "mugnolo". Table 2 GLSs in "mugnolo" inflorescences and leaves. Table 3 GLSs in raw and cooked "mugnolo" inflorescences. 998
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